I
nfections in nursing home residents are a major cause of morbidity and mortality. Rates of infection in nursing homes approach those in hospitals, making infection control an important patient-safety and quality improvement concern.
1 Most data on interventions and outcomes of infection control measures have come from acute care settings. 2 Few studies have evaluated the efficacy of and adherence to these programs in nursing homes. 3, 4 Nursing homes face unique challenges. One challenge is that turnover rates are high among healthcare workers in nursing homes. Lacking appropriate staff and with limited budgets, infection control practitioners are often employed on only a part-time basis. [5] [6] [7] Another challenge is that nursing home residents cannot easily be placed in isolation precautions and still participate in appropriate rehabilitation and social programs. Thus, infection control and surveillance in nursing homes must be simple, focused, practical, and efficient and accommodate their staffing, budget, and care needs.
Surveillance strategies that could lead to more efficiency include targeting efforts at certain areas of the facility, patient groups, or infection sites. 8 Such targeted efforts are increasingly common because of their potential to yield meaningful information that can lead to changes in practice. 9 One such high-risk group in nursing homes includes residents with indwelling devices. These devices can compromise host defenses by providing a route for colonization by antibioticresistant microorganisms, thereby increasing the risk of infection. [10] [11] [12] [13] The objectives of this study were to quantify the relationship between use of indwelling devices and colonization with antimicrobial-resistant organisms in residents of 14 community nursing homes and to understand the effect of functional status and comorbidity on this relationship. Prior research has not determined the confounding effect of functional status on the association between use of indwelling devices and resistant microorganisms. It was hypothesized that residents with indwelling devices would have a higher rate of colonization with antimicrobial resistant pathogens than residents without such devices.
METHODS

Study Design and Participants
An analytical, cross-sectional, epidemiological study was conducted in 14 community nursing homes in southeast Michigan from March 2003 to November 2004. In each nursing home, all cultures were obtained within a 2-week period. The University of Michigan institutional review board and the Veterans Affairs Ann Arbor Healthcare System human studies committee approved this study. After obtaining written informed consent, residents with an indwelling urinary catheter, percutaneous feeding-tube, or peripherally inserted central catheter (PICC line) or randomly selected nursing home residents without indwelling devices (control group) were enrolled. All residents with an enteral feeding tube, a urinary catheter, or a PICC line (device group) were eligible for the study. Refusal of informed consent was the only exclusion criterion. There were no specific ongoing or new infection-control initiatives during the study period.
Clinical and Demographic Data
Demographic data on age, sex, and indication for insertion of the device were obtained using patient chart review. The Lawton and Brody physical self-maintenance scale was used to assess functional status; 14, 15 scores range from 6 to 30, with 6 being independent in all activities of daily living and 30 being dependent in all activities of daily living. The Charlson Comorbidity Index was used to assess comorbidity. 16 Antibiotic use within 30 days before culture was recorded in all residents with indwelling devices and 63 residents in the control group; these data were unavailable in 37 residents in the control group.
Microbiological Methods
Samples to assess colonization with antimicrobial-resistant organisms were obtained from anterior nares, oropharynx, skin around the enteral feeding tube, groin, perianal area, and wounds for the device and control groups using Culturette rayon-tipped swabs (Becton Dickenson, Inc., Cockeysville, MD) that were transported in transport medium and streaked onto agar plates within 2 hours.
To identify Staphylococcus aureus, samples were streaked onto mannitol salt agar plates and incubated at 351C for 48 hours. All bright yellow colonies suggestive of S. aureus were picked, streaked onto trypticase soy agar plates containing 5% sheep's blood (Becton-Dickinson), and incubated at 351C for 24 hours. Colonies of S. aureus were identified using a rapid test for staphylococcal protein A, with verification using tube coagulase assay if needed. Methicillin-resistant S. aureus (MRSA) colonies were identified according to growth on Mueller-Hinton agar containing 6 mg/mL of oxacillin and 4% sodium chloride. 17 Vancomycin-resistant enterococci (VRE) were identified by streaking samples onto bile esculin azide agar containing 6 mg/mL of vancomycin and 5 mg/mL of gentamicin. Black colonies were streaked onto trypticase soy agar plates containing 5% sheep's blood for 24 hours and then Gram stain, catalase test, and the pyroglutamate aminopeptidase test (Hardy Diagnostics, Santa Maria, CA) were used to identify enterococci. 3 To identify gram-negative bacilli (GNB), samples were streaked onto MacConkey agar (Difco Inc., Livonia, MI), and the plates were incubated at 351C for 24 hours. All phenotypically different colonies were identified to the species level using API-20E test strips (Analytab Products, Plainview, NY). Screening for ceftazidime resistance (CTZ-R) was determined by inoculating organisms onto MacConkey agar containing 10 mg/mL of ceftazidime. 18 
Statistical Methods
Data were entered into a Microsoft Excel (Microsoft Corp., Redmond, WA) spreadsheet and analyzed using Stata 8.2 (College Station, TX). Univariate analysis was performed to examine the spread of data. An analysis was conducted to compare the odds of colonization with antibiotic-resistant organismsFMRSA, VRE, and CTZ-R GNBFin residents with indwelling devices with those of controls while controlling for confounding variables. Logistic regression models were used to assess the effect of device use on antibiotic-resistant organisms while controlling for age, functional status, nursing home site, and Charlson score. Functional status and Charlson score were measured on a continuous scale. Contribution of a variable to a model was assessed using the likelihood ratio test). Crude and adjusted odds ratios (ORs) and 95% confidence intervals were produced for each outcome.
RESULTS
Demographic Characteristics
A total of 125 residents from 14 nursing home facilities that contained a total of 1,669 beds and who had an indwelling urinary catheter, an enteral feeding tube, or a PICC line were eligible for the study. An equal number of controls were randomly selected from the same nursing home using a random numbers table. Of these 250 residents, 37 refused consent (Table 1) . Therefore, 213 residents (105 residents with one or more indwelling devices and 108 residents without an indwelling device) were enrolled in this crosssectional study. Functional status score was missing for 13 residents: five with devices and eight without. Thus, for the final analysis, there were 100 residents in the indwelling device group and 100 in the control group. Forty-five residents had an indwelling urinary catheter only, 45 residents had an enteral feeding tube only, six residents had both a urinary catheter and an enteral feeding tube, and four residents had a PICC line only. Of the enteral feeding tubes, 47 were gastrostomy tubes, and four were gastrojejunal tubes; no resident had a nasogastric tube. There were 20 residents who had wounds, 16 in the device group and four in the control group. Table 2 presents the age, functional status, and comorbidity demographics of the two groups. The device group was slightly younger and had poorer functional status and more comorbid illnesses than the control group. Indications for urinary catheter use included bladder retention (42%), unspecified (34%), incontinence (16%), and comfort care (6%). Indications for feeding tube use included dysphagia (64%), unspecified (14%), weight loss (12%), and advanced dementia (4%).
Use of Any Indwelling Device and Colonization with Antibiotic-Resistant Organisms
Of 100 residents in the device group, 55 were colonized with MRSA at any site, compared with 23 in the control group (adjusted OR 5 1.97, P 5.04) ( Table 3) . Residents in the device group were more likely than those in the control group to be colonized with MRSA in the groin (26% vs 5%, adjusted OR 5 4.8, P 5.006) or perianal area (28% vs 7%, adjusted OR 5 3.6, P 5.01) after adjusting for functional status, comorbidity, and age. Three residents in the device group and one resident in the control group were colonized with MRSA in their wounds. Colonization with VRE did not differ between the two groups.
Residents in the device group were more likely than those in the control group to be colonized with GNB in their oropharynx (32% vs 14%, adjusted OR 5 3.9, P 5.002) and perianal area (28% vs 7%, adjusted OR 5 3.6, P 5.011). Twenty-four (24%) residents in the device group were colonized with CTZ-R GNB, compared with five (5%) in the control group (adjusted OR 5 5.6, P 5.003) ( Table 3) .
There were no significant differences in antimicrobial usage in the device group colonized with CTZ-R GNB (14/ 24, 58%) and those not colonized with CTZ-R GNB (51/ 76, 67%). Similarly, antimicrobial use in the device group did not differ between those colonized with MRSA (36/55, 66%) and those not colonized with MRSA (29/45, 64%). The numbers of resistant pathogens were small in the control group, and hence the effect of antibiotic use could not be assessed.
Use of Urinary Catheters and Colonization with Antibiotic-Resistant Organisms
Of the 51 residents who had an indwelling urinary catheter, 28 (55%) were colonized with MRSA at any site. Residents who had urinary catheters were 2.8 times (P 5.01) as likely to be colonized with MRSA as those in the control group, although the relationship between urinary catheter use and MRSA colonization at any site did not remain significant after adjusting for functional status, comorbidity, and age (adjusted OR 5 1.4, P 5.4). Examining specific body sites, residents who had urinary catheters were more likely to be colonized with MRSA in the groin (34% vs 5%, adjusted OR 5 4.5, Po.001) and perianal area (38% vs 7%, adjusted OR 5 4.3, P 5.006) than those the control group. Nasal colonization with MRSA did not differ significantly between the two groups (42% in residents with urinary catheters, 23% in control group, adjusted OR 5 1.3, P 5.5). Colonization with VRE did not differ between the two groups (Table 4) . Fourteen (28%) residents who had urinary catheters were colonized with CTZ-R GNB, compared with five (5%) of controls at any site (adjusted OR 5 7.8, P 5.002) ( Table 4) .
Use of Enteral Feeding Tubes and Colonization with Antibiotic-Resistant Organisms
Of the 51 residents who had an enteral feeding tube, 31 (61%) were colonized with MRSA at any site (Table 5) . Residents who had a feeding tube were 3.4 times as likely to be colonized with MRSA as those in the control group (P 5.001). This relationship remained significant after adjusting for functional status, comorbidity, and age (adjusted OR 5 2.6, P 5.047). Examining specific body sites, residents with feeding tubes were more likely to be colonized with MRSA in the oropharynx (36% vs 11%, adjusted OR 5 3.27, P 5.02), groin (22% vs 5%, adjusted OR 5 5.8, P 5.02), and perianal area (24% vs 7%, adjusted OR 5 3.4, P 5.05) than those in the control group. Nasal colonization did not differ significantly between the two groups (30% in residents with urinary catheters, 23% in control group, adjusted OR 5 1.0, P 5.9). Colonization with VRE did not differ between the two groups ( Table 5) . Residents who had enteral feeding tubes were more likely to be colonized with GNB in their oropharynx (50% vs 14%, adjusted OR 5 7.3, Po.001) than those in the control group. Thirteen residents (26%) with enteral feeding tubes were colonized with CTZ-R GNB, compared with five (5%) controls (adjusted OR 5 7.1, P 5.006).
DISCUSSION
This cross-sectional study showed that use of indwelling devices to provide care to nursing home residents was associated with a higher colonization rate with MRSA and CTZ-R GNB but not VRE. Prior studies have shown indwelling devices to be a risk factor for colonization and infection with MRSA and resistant GNB in a nursing home population; this study quantifies this risk and establishes that the risk persists after adjusting for functional status, age, and comorbidity. [18] [19] [20] Multivariate analysis showed that residents with indwelling devices were four to five times as likely to be colonized with MRSA in the perianal area and groin as were controls.
For individual devices, presence of a urinary catheter was independently associated with localized MRSA colonization in the groin and perianal area and CTZ-R GNB colonization at any site. For enteral feeding tubes, an independent association with MRSA colonization in the oropharynx, groin, and perianal area was seen. One interpretation could be that the type of device may influence the site of colonization. The fact that MRSA colonization in the nares was not different between residents who did and did not have indwelling devices exemplified this. Residents with indwelling urinary catheters were more likely than those in the control group to be colonized with MRSA in the groin and the perianal area, sites that are often not studied when performing surveillance cultures. More studies are required to confirm these findings.
Prior research has not determined the confounding effect of functional status on the association between indwelling device use and resistant organisms. Although the mechanism is unknown, functional status is felt to increase the risk of colonization with antibiotic-resistant organisms. 12, 21, 22 In the current study, residents with indwelling devices were more functionally impaired than those without. The OR for MRSA colonizing any site was diminished but still significant after adjusting for functional status, suggesting that functional status had some influence. Because this study focused only on feeding tubes and urinary catheters as the primary risk factors and quantified their effect on colonization by antibiotic-resistant organisms, residents were sampled based on their device status. Further research should be performed to evaluate a spectrum of residents with varying levels of function to explain further the association between functional impairment and colonization with antibiotic-resistant organisms.
This study has practical implications for infection control practices in nursing homes. Considering the magnitude of risk of colonization imposed by these devices, this group could be targeted for intensive surveillance and infection control practices. Significant debate exists on prospective culturing of patients admitted to acute care hospitals. 23, 24 Despite a lack of data, some guidelines suggest that prospective culturing should also be part of a nursing homes' infection control agenda. 25 The feasibility of such an undertaking needs to be evaluated further, but it is conceivable that a nursing home could aggressively focus on its This study has several limitations. First, a cross-sectional design does not allow a temporal relationship between the presence of antibiotic-resistant organisms and indwelling devices or the effect of hospitalization and antibiotic use related to device use to be determined. Data were not collected on hospitalization or duration of nursing home stay; these are being addressed in a prospective cohort study. Second, few residents in the control group had resistant gram-negative organisms. Although the findings are interesting, a larger sample of control residents will be required to conduct complex regression analyses. Similarly, no difference was detected in VRE colonization between the device and the control group. This lack of difference could be because the presence of devices was not associated with VRE colonization or because of inadequate power to detect such a difference. Third, information bias may occur when an investigator is aware of the association under study. It was minimized by having a strict objective definition of the outcome of interest, using a standardized method of data collection, and ensuring that the microbiologist who assessed the presence of various microorganisms was not aware of exposure status. Fourth, the results cannot be extrapolated to surveillance procedures for antibiotic resistance in other settings, such as acute care hospitals, although the results suggest that cultures from multiple sites would be required to accurately identify all MRSA carriers among nursing home residents admitted to an acute care hospital.
Involving multiple freestanding nursing homes makes this study more generalizable, which is a major strength. It gives important information on the distribution and burden of indwelling devices (exposures) and antibiotic-resistant organisms (outcomes). This study is the first step in defining a high-risk group of nursing home residents that can serve as the focus of further intensive infection control efforts. Further research should focus on time to colonization, transmission patterns of these organisms in nursing homes, defining other high-risk groups (e.g., those with pressure ulcers or severe functional impairment), and assessing the effect of interventions focused on these high-risk groups. 
